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1
POWER COMBINER AND POWER DIVIDER

The disclosure of Japanese Patent Application No. 2013-
070842 filed on Mar. 29, 2013, including specification,
drawings and claims is incorporated herein by reference in
its entirety.

TECHNICAL FIELD

The invention relates to a power combiner configured to
combine high-frequency powers such that the high-fre-
quency powers respectively input to a plurality of input
terminals are output from one output terminal via transmis-
sion circuits respectively connected to the input terminals,
and a power divider having an opposite function thereto.

BACKGROUND

FIG. 4 shows an example of a configuration of a power
combiner according to the related art. A power combiner 10'
according to the related art is configured to combine high-
frequency powers such that the high-frequency powers PI to
Pn respectively input to first to n-th input terminals INI to
INn are output from one output terminal OUT via transmis-
sion circuits T1I' to Tn' respectively connected to the first to
n-th input terminals INI to INn.

The first to n-th input terminals IN1 to INn are respectively
connected to one ends of resistances R1to Rn in parallel with
the respective corresponding transmission circuits T1' to Tn'
and the other ends of the resistances Rl to Rn are connected
to each other, so that the input terminals INl to INn are
connected to each other through the resistances Rl to Rn
respectively connected to the input terminals INI to INn.

In each of the transmission circuits TI' to Tn', a first
inductor (L.11 to Ln1) and a second inductor (L12 to Ln2) are
connected to each other in series and a connection point of
the first inductor and the second inductor is grounded
through a capacitor (Cl to Cn).

FIG. 5 shows another example of a configuration of a
power combiner according to the related art. FIG. 5 is the
same as FIG. 4, except for a configuration of each of
transmission circuits T1" to Tn". Specifically, each of the
transmission circuits T1" to Tn" is comprised of a first to n-th
inductor L1 to Ln, a first capacitor (CI1 to Cnl) provided
between an input terminal-side of the first to n-th inductor L1
to Ln and an earth, and a second capacitor (CI2 to Cn2)
provided between an output terminal-side of the first to n-th
inductor L1 to Ln and the earth.

Patent Document 1: Japanese Patent Application Publi-
cation HO7-263993A

A high-frequency power feed system is configured to
perform a processing treatment such as plasma etching for
an object to be processed such as a semiconductor wafer, a
liquid crystal substrate and the like, by using high-frequency
power output from a high-frequency power supply device.
In the high-frequency power supply device used for such a
processing treatment, a plurality of amplifier circuits that
outputs high-frequency powers and a power combiner that
combines and outputs the high-frequency powers output
from the plurality of amplifier circuits are used. If the power
combiner as shown in FIG. 4 or FIG. 5 is used for the
high-frequency power supply device used such a processing
treatment, the high-frequency powers that are input to the
input terminals INl to INn of the power combiner may
become high-power.

In the power combiner as shown in FIG. 4 or FIG. 5, if the
high-frequency powers input to the input terminals INI to
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INn become high-power, it is necessary to use a capacitor
having excellent withstand voltage characteristics and excel-
lent withstand current characteristics as regards the capaci-
tors used in the transmission circuits T1 to Tn. As the
capacitor having excellent withstand voltage characteristics
and excellent withstand current characteristics is very
expensive, the manufacturing cost of the power combiner is
increased. The same can be said for a power divider having
an opposite function to that of the power combiner.

SUMMARY

It is therefore an object of the present invention to provide
a power combiner and a power divider that can be manu-
factured at lower cost than the related art.

According to an aspect of the embodiments of the present
invention, there is provided a power combiner configured to
combine high-frequency powers such that the high-fre-
quency powers respectively input to a plurality of input
terminals are output from one output terminal via transmis-
sion circuits respectively connected to the input terminals,
wherein the respective input terminals are connected to one
ends of resistances in parallel with the respective transmis-
sion circuits and the other ends of the resistances are
connected to each other, so that the input terminals are
connected to each other through the resistances connected to
the respective input terminals, and wherein each of the
transmission circuits is comprised of a circuit in which a first
inductor, a transmission section having a constant charac-
teristic impedance and a second inductor are connected to
each other in series.

According to another aspect of the embodiments of the
present invention, there is provided a power divider config-
ured to divide high-frequency power such that the high-
frequency power input to one input terminal is output from
a plurality of output terminals via transmission circuits
connected to the input terminal, wherein the respective
output terminals are connected to one ends of resistances in
parallel with the respective transmission circuits and the
other ends of the resistances are connected to each other, so
that the output terminals are connected to each other through
the resistances connected to the respective output terminals,
and wherein each of the transmission circuits is comprised
of a circuit in which a first inductor, a transmission section
having a constant characteristic impedance and a second
inductor are connected to each other in series.

In the power combiner or the power divider, the trans-
mission section having the constant characteristic imped-
ance may be a coaxial cable.

In the power combiner or the power divider, the coaxial
cable may comprise an internal conductor as a coaxial core,
an insulator covering the internal conductor and an external
conductor covering the insulator, and the external conductor
may be grounded.

According to the invention, it is possible to provide a
power combiner and a power divider that can be manufac-
tured at lower cost than the related art.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 illustrates an example of a high-frequency power
feed system to which a high-frequency power supply device
is applied;

FIG. 2 illustrates an example of a configuration of a power
combiner according to an embodiment of the present inven-
tion;
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FIG. 3 illustrates an equivalent circuit of a coaxial cable;

FIG. 4 illustrates an example of a configuration of a power
combiner according to the related art; and

FIG. 5 illustrates another example of a configuration of a
power combiner according to the related art.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, an embodiment of the present invention will
be described in detail with reference to the accompanying
drawings. In the meantime, the same or equivalent configu-
rations to the related art are denoted with the same reference
numerals.

FIG. 1 illustrates an example of a high-frequency power
feed system to which a high-frequency power supply device
is applied. The high-frequency power feed system is con-
figured to feed traveling wave power to an object to be
processed such as a semiconductor wafer, a liquid crystal
substrate and the like, thereby performing a processing
treatment such as plasma etching. The high-frequency
power feed system includes a high-frequency power supply
device 1, a transmission line 2, an impedance matching
device 3, a load connection part 4 and a load 5. The
impedance matching device 3 may not be used in the
high-frequency power feed system.

The high-frequency power supply device 1 is configured
to amplify a high-frequency signal output from an oscilla-
tion part (an oscillator) in a plurality of amplifier circuits
(not shown), combine the high-frequency powers with a
power combiner 10 (which will be described later) and then
outputs the combined high-frequency power as traveling
wave power having an output frequency in a wireless
frequency band. The traveling wave power output from the
high-frequency power supply device 1 is fed to the load 5
through the transmission line 2 comprised of a coaxial cable,
the impedance matching device 3 and the load connection
part 4 comprised of a shielded copper plate. The high-
frequency power that is directed from the high-frequency
power supply device towards the load is referred to as the
traveling wave power and the high-frequency power that is
reflected at the load and is returned towards the high-
frequency power supply device is referred to as reflected
wave power. The high-frequency power supply device typi-
cally outputs the traveling wave power having a frequency
of several hundreds kHz (for example, a frequency of 13
MHz, 40 MHz and the like).

The impedance matching device 3 is configured to match
impedances of the high-frequency power supply device 1
and the load 5. More specifically, when an impedance (an
output impedance) seeing the high-frequency power supply
device 1 from an output terminal of the high-frequency
power supply device 1 is designed to be 50Q, for example,
and the high-frequency power supply device 1 is connected
to an input terminal of the impedance matching device 3
with the transmission line 2 having the characteristic imped-
ance 50Q, the impedance matching device 3 converts an
impedance seeing the load 5 from the input terminal of the
impedance matching device 3 into son.

The load 5 is a device that has a processing part and
performs processing (etching, CVD and the like) for an
object to be processed such as a wafer, a liquid crystal
substrate and the like delivered therein. The load 5 intro-
duces a gas for plasma discharge into the processing part and
applies the traveling wave power (voltage) which is fed from
the high-frequency power supply device 1 to the gas for
plasma discharge so as to process the object to be processed,
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thereby discharging the gas for plasma discharge to thus
make the same be under a plasma state from a non-plasma
state. Then, the load 5 processes the object to be processed
by using the plasma.

FIG. 2 illustrates an example of a configuration of a power
combiner 10 according to an illustrative embodiment of the
invention. The power combiner 10 is configured to combine
high-frequency powers such that the high-frequency powers
P1to Pn respectively input to first to n-th input terminals IN1
to INn are output from one output terminal OUT via first to
n-th transmission circuits T1to Tn respectively connected to
the first to n-th input terminals INI to INn. Here, n is an
integer of 2 or larger.

The first to n-th input terminals IN1 to INn are respec-
tively connected to one ends of resistances Rl to Rn in
parallel with the respective corresponding transmission cir-
cuits T1 to Tn and the other ends of the resistances Rl to Rn
are connected to each other, so that the input terminals IN1
to INn are connected to each other through the resistances Rl
to Rn respectively connected to the input terminals IN1 to
INn.

Each of the transmission circuits T1 to Tn is comprised of
a circuit in which a first inductor (L11 to Lnl), a coaxial
cable (Col to Con) and a second inductor (.12 to Ln2) are
connected to each other in series.

The coaxial cable (Col to Con) comprises an internal
conductor as a coaxial core, an insulator covering the
internal conductor and an external conductor covering the
insulator. A protective coating covering the external con-
ductor may be provided. Both ends of the external conductor
are grounded.

FIG. 3 illustrates an equivalent circuit of the coaxial
cable. As shown in FIG. 3, the coaxial cable is regarded to
have a configuration of serially connected inductors and
capacitors connected to the earth. That is, like the power
combiner of FIG. 4 or FIG. 5, each of the transmission
circuits T1to Tn are substantially provided with the capacitor
connected to the earth. For this reason, the transmission
circuits T1 to Tn can obtain the same electrical characteris-
tics as the related art even though the high-priced capacitor
used in FIG. 4 or FIG. 5 is not used. As the coaxial cable can
be obtained at relatively low price, it is possible to reduce the
manufacturing cost of the power combiner.

The configuration shown in FIG. 3 is the same configu-
ration as a low-pass filter. Therefore, when the configuration
is applied to a circuit requiring the low-pass filter, it is
possible to simplify or omit the low-pass filter.

In FIG. 2, the power combiner is described. However,
when the output terminal OUT is used as an input terminal
and the first to n-th input terminals INI to INn are used as
first to n-th output terminals, the power combiner can be
enabled to function as a power divider. When the power
combiner is enabled to function as a power divider, the same
effects can be obtained.

In the above embodiment, the coaxial cable is used.
However, any member can be used instead of the coaxial
member as long as it has the constant characteristic imped-
ance, like the coaxial cable. For example, a microstrip line
can be used instead of the coaxial cable.

Also, in the above embodiment, the power combiner and
the power divider are used in the high-frequency power
supply device 1 shown in FIG. 1. However, the invention is
not limited thereto. The invention can be applied to a power
combiner and a power divider which are used in the other
device using high-frequency power.
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What is claimed is:

1. A power combiner configured to combine high-fre-
quency powers such that the high-frequency powers respec-
tively input to a plurality of input terminals are output from
one output terminal via transmission circuits respectively
connected to the input terminals,

wherein the respective input terminals are connected to

one ends of resistances in parallel with the respective
transmission circuits and the other ends of the resis-
tances are connected to each other, so that the input
terminals are connected to each other through the
resistances connected to the respective input terminals,
wherein each of the transmission circuits is comprised of
a circuit in which a first inductor, a transmission section
having a constant characteristic impedance and a sec-
ond inductor are connected to each other in series, and
wherein the transmission section having the constant
characteristic impedance is a coaxial cable.
2. The power combiner according to claim 1,
wherein the coaxial cable comprises an internal conductor
as a coaxial core, an insulator covering the internal
conductor and an external conductor covering the insu-
lator and the external conductor is grounded.
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6
3. A power divider configured to divide high-frequency

power such that the high-frequency power input to one input
terminal is output from a plurality of output terminals via
transmission circuits connected to the input terminal,

wherein the respective output terminals are connected to
one ends of resistances in parallel with the respective
transmission circuits and the other ends of the resis-
tances are connected to each other, so that the output
terminals are connected to each other through the
resistances connected to the respective output termi-
nals,

wherein each of the transmission circuits is comprised of
a circuit in which a first inductor, a transmission section
having a constant characteristic impedance and a sec-
ond inductor are connected to each other in series, and

wherein the transmission section having the constant
characteristic impedance is a coaxial cable.

4. The power divider according to claim 3, wherein the

coaxial cable comprises an internal conductor as a coaxial

20 core, an insulator covering the internal conductor and an
external conductor covering the insulator and the external
conductor is grounded.
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